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glass chamber is evacuated to vacuum by a rotary pump 10 throuah 
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rotary pump 10. In the etching process, etching is moved on and 
when etching 

is completed, components of exhaust gas becomes process gas 
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CONSTITUTION: In a glass chamber 1, parallel flat electrodes 2 and 
3 are so 

held as to face each other and one eleotrodea 3 Is connected to a 

frequency source 5 and a test piece (wafer) Is set on the electrode 3. 

The 4A . ' . 

glass chamber Is evacuated to vacuum by a rotary pump 10 timougn 

a vacuum 

exhaust pipe and a gas sensor 8 is installed on an exhaust branch 
pipe 7 which 

is connected between a main valve Installed on the vacuum exhaust 
pipe and the 

rotary pump 10. In the etching process, etching is moved on and 
when etching 

is completed, components of exhaust gas becomes process gas. 
So, a change of 

the components of the exhaust gas is detected by a detection circuit 
9 based on 

the output of the gas sensor 8 and thereby the terminal of the etching 

process 

is detected. 
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Abstract 
Constitution 

Parallel facing electrodes (2) and (3) arc disposed in opposition in glass chamber (1) and 
reaction gases are introduced by process gas pumps (1 1) while evacuating with rotary pump (10). 
The vacuum exhaust pipe between glass chamber (1) and rotary pump (10) has exhaust branch 
pipe (7), into which part of the exhaust gas branches and flows. Gas sensor (8) is mounted there 
and is constructed so that the components of (he exhaust gas can be sensed by sensing circuit (9). 
The end point of sample processing can be recognized by sensing changes in exhaust gas 
components. 

Effect 

(1) An end point sensor that is inexpensive and compact because of the simple 
construction. (2) An end point sensor that will not sacrifice the operability of loading and 
unloading samples or cleaning the chamber* (3) An end point sensor that can accommodate both 
etching and ashing. 
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Claim 

An end paint sensor far a plasma etching device that uses sensing of exhaust gas 
components characterized in that, in a plasma generating device equipped with a chamber, a pair of 
parallel flat electrodes that are held in opposition in the chamber, a high-frequency power source 
connected to one of the parallel flat electrodes, a vacuum pump for evacuating the aforementioned 
chamber to vacuum, a vacuum exhaust pipe that is run between the vacuum pump and the 
aforementioned chamber, and a process gas introduction system that introduces reaction process 
gases into the aforementioned chamber, a branch pipe is furnished along die aforementioned 
vacuum exhaust pipe or in the aforementioned vacuum exhaust pipe, and a sensor that can sense 
the exhaust gas components is mounted along the branch pipe for the purpose of end point sensing. 
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Detailed exp lanation of the invention 
[0001] 

Industrial application fields 

This invention relates to a plasma generating device which is a plasma etching apparatus 
that etches semiconductor wafer SisN* and P-Si films and ashes resist Alms wherein an end point 
sensor is installed to sense the end point of etching and ashing and stops operation of the device. 

[0Q02r^ 
Prior art : 

End point sensors in plasma etching devices primarily use light generated from the plasma. 
The end point is recognized by sensing changes in the light intensity or wavelength. 

[0003] 

A known example is as follows* 

[0004] 

Japanese Patent Application No. Sho 56[1981]-203746 "Dry Etching Device" 

The outside peripheral wall of a quartz chamber has a monitoring window and a 
condensing lens is mounted there. The plasma light collected by the condensing lens is transmitted 
to a sensor through an optical fiber. The end point is sensed by the sensor sensing minute changes 
in the light intensity of radicals F inside the quartz chamber. 

[0005] 

Japanese Patent Application No. Sho 57[1982]-131955 "Monitoring Device for Etching" 

A spectroscopic-photoelectric transducing element that performs spectroscopy only for 
specific wavelength characteristics of an etched film, such as SiO?, S13N4, etc. and converts them 
to electrical signals is mounted on the side wall of die reaction vessel. The light-emission spectrum 
between electrodes produced by the plasma is sensed by the element and the end point is 
recognized Here, precision is increased by furnishing a return circuit for returning electrical 
signals to the dement 



Received from < 6S03262422 > at 4/21/03 5:14:34 PM [Extern Daylight Time] 



APR. 21. 2003 



1:23PM 



!-Pfi 650-326-2422 



NO. 734 P.20 



[0006] 

Japanese Patent Application No. Sho 57[I982]-149306 "Plasma Etching Device" 

A sensing light path for lighting that extends to the center of the sample chamber is 
furnished in the center at the top of the sample chamber where plasma etching is performed to 
collect the light emission on all the wafers. The light collected is directed through an optical fiber 
to a spectroscopic analyzer. By collecting the light on all the wafers, a Iight*emission spectrum 
signal with a satisfactory SN ratio can be obtained and the sensing precision of the plasma etching 
end point is increased. 

[0007] 

Japanese Patent Application No. Sho 58[1983]-204816 "End Point Sensing Method and Device" 

A photocell is mounted in a chamber and the light-emission intensity in the chamber is 
sensed. The photocell output is sensed sequentially at a fast sampling rate set with a timer. The 
light-emission intensity and light-emission intensity for previous samplings are compared, and the 
reaction end point is accurately sensed by finding the amount of change. 

[0008] 

In addition, the Mowing relate to end point sensing methods for sensing the light 
generated from plasma and sensing the end point from changes in the light intensity or wavelength. 

[0009] 

Japanese Patent Application No. Sho 59ri984]-3449 'Dry Etching Device- 
Japanese Patent Application No. Sho 59[1984]-125183 "Plasma Treatment Device" 
Japanese Patent Application No. Sho 60[1985]-1 10355 "End Point Sensing Device" 
Japanese Patent Application No. Sho 60[1985]-233228 "End Point Sensor" 
Japanese Patent Application No. Sho 60[1985]-261236 "Etching End Point Sensing Method" 
Japanese Patent Application No. Sho 62[1987]-292705 "Dry Etching Device" 
Japanese Patent Application No. Sho 63[1988]-20917 "Dry Etching Device" 
Japanese Patent Application No. Sho 63 [19881-82020 "Semiconductor Manufacturing Device" 
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[0010) 

Problems to be solved by the Invention 

Conventional end point sensors for plasma etching devices sense the light generated from 
plasma with photosensors, such as photocells, mounted on the side wall of the chamber and 
convert that to electrical signals, or sense changes in the wavelength or light intensity of a 
light-emission spectrum by collecting the light with a condensing lens and directing it to a 
spectroscope by optical fibers, etc. as the end point of etching. Because of mis. there have been the 
Mowing problems. 

[0011] 

(1) Tne number of components that constitutes the system, e.g., a condensing part mounted 
on the chamber side wall, a transmission part for directing light to the spectroscope, a photosensor 
for sensing the light-emission wavelength, is large, so die cost is high. 

[0012] 

(2) Light emission from the plasma is used, so mounting of a light-receiving part on the 
chamber aide wall is essential, and operabihty, such as chamber cleaning and sample loading and 
unloading, is sacrificed. 

[0013] 

(3) In the case of resist ashing on wafers, there is no light emission from the plasma, so only 
the end point of etching can be sensed with conventional systems. 

(0014] 

Means to solve the problems 

An end point sensor that will solve the aforementioned problems can be obtained by 
constituting the plasma etching device as follows. 

[0015] 

A branch pipe is famished along the vacuum exhaust pipe that evacuates the chamber to 
vacuum, or in the vacuum exhaust pipe. A gas sensor that can sense exhaust gas components is 
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mounted along the branch pipe, for example, in a position where all or part of the exhaust gas when 
the chamber is evacuated by the vacuum pump will pass it. Thega ssensor cou ld conceivably be a 
TCD (thermal conductivity detector) with electrical resistance elements forming a bridge, a 
thermistor sensor, an electrostatic capacitance type gas sensor that has a pair of electrodes, or the 
like. 



[0016] 

By instituting in the aforementioned manner, it will not be necessary to mount an end 
point sensing member, such as a photosensor or condensing lens , on the periphery of the chamber. 

[0017] 
Operation 

When the SisN 4 or P-Si film on a wafer is etched with a plasma etching device, the process 
gas introduced into the chamber consists of CF 4 (98%) + 0 2 (2%). The exhaust gas components 
during the course of etching are primarily SiE*, Sift, Nj, etc. When the SiaN 4 or P-Si film on the 
wafer has been completely etched [off], the exhaust gas components change to the CF4 and Oj of 
the process gas. This change in the exhaust gas components is sensed by the abovementioned gas 
sensor and die end point of etching is sensed. 



[0018] 

The end point can also be sensed by the same principle when a resist mask is ashed. In this 
case, Oa is used for the process gas, the exhaust gas components during ashing are primarily HA 
C02 and N2, and [this] changes to O2 when treatment is completed. 



[0019] 

Application example 

An application example of this invention will be explained below using the figure. Figure 1 
shows the constitution of a device with one application example of this invention. Parallel flat 
electrodes (2) and (3) are held in opposition inside glass chamber (1). Parallel flat electrode (2) is 
connected to the ground potential and parallel flat electrode (3) to high-frequency power source (5). 
Sample (wafer) (4) is placed on parallel flat electrode (3). 
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10020) 

Glass chamber (I) is evacuated to vacuum by rotary pump (10). Main valve (6) is furnished 
in the vacuum exhaust pipe and is used to shut off the vacuum, e.g., when the device is stopped. 
The pipe between main valve (6) and rotary pump (10) has exhaust branch pipe (7). The piping is 
constituted so that part of the exhaust gas will branch and be evacuated past gas sensor (8). 

[0021] 

The process gas when the sample (wafer) (4) is etched or ashed is supplied into glass 
chamber (1) through gas introduction pipe (12) from process gas cylinders (11). 

[0022] 

When the Si 3 N* or P-Si film on sample (wafer) (4) is etched, CF 4 (98%) + Oj (2%) is used 
for the process gas. During the course of etching, the exhaust gas components are primarily SiF 4 , 
SiF 3 , N 2) etc. When the Si^ or P-Si has been completely etched [off], the exhaust gas 
components become die CF» and 0 2 of the process gas. Part of die exhaust gas passes by 
abovementioned gas sensor (8), so die end point of etching can be accurately recognized by 
sensing the change in the gas components with sensing circuit (9). A TCD (thermal conductivity 
detector), thermistor, etc. can be used for the gas sensor. 

[0023] 

The end point can also be sensed using the same principle when sample (wafer) (4) is ashed. 
In this case, O a is used for die process gas. The exhaust gas during ashing is primarily HjO, CO), 
Ha, etc., and it changes to Oa when resist ashing has been completed. This change is sensed by gas 
sensor (8). By sensing the end point, Mgh-ftequency power source (5) can be automatically 
stopped and die process gas supply shut off. 

[0024] 

Effect of the invention 

As stated in detail above, this invention has the following effects. 
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[0025] 

(1) With just a simple construction where a branch pipe is attached to the rotary pump 
exhaust pipe and a sensor for sensing exhaust gas components is mounted, an end point sensor can 
be provided that is cheaper and more compact than for conventional end point sensing methods 
that use light-emission spectrum waveform or light-emission intensity. 

[0026] 

(2) The sensor part and sensing circuit can be housed in the device, and it is not necessary 
to install condensing and spectroscopic components, such as a photosensor [or] optical fiber on the 
periphery of the chamber. So an end point sensor can be provided that does not sacrifice 
operability, such as loading and unloading of samples and chamber cleaning. 

(3) An end point sensor can be provided that can accommodate both etching and ashing 
with the same system. 

Brief explanation of the figro 

Figure 1 shows one application example of this invention and is a block diagram of the 

device. 

Explanation of symbols 

(1) glass chamber, (2), (3) „ parallel flat electrode, (4) ... sample (wafer), (5) ... 
high-frequency power source. (6) .„ main valve, (7) ... exhaust branch pipe, (8) ... gas sensor, (9) 
... sensing circuit, (10) ... rotary pump, (11) ... process gas cylinder, (12) ... gas introduction pipe. 
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